health and happiness. The majority of humanity today lives in urban areas, and while urbanisation is not new and will continue in industrialised countries, it will also be the main driver of emerging economies and shifting social aspirations in Latin America, Africa, and Southeast Asia. The rush to cities is largely motivated by social and economic goals and, indeed, the proximity to dynamic local and global networks has raised the prosperity of many. The benefits (and failures) of urban environments have, however, arguably triggered changes to the atmosphere, biosphere, hydrosphere, and lithosphere. The hasty exploitation of natural resources (eg aquifers, fossil fuels, fisheries), essential to the well-being of communities, has created many environmental pressures that amplify scarcities of quality and quantity. As it is, creating a future of abundant water, energy, and food within the planet's capacity remains a significant challenge. The importance of an urban nexus approach that integrates water, energy, and food security into practice is therefore evident.
Summary of key questions
As social, economic, and environmental complexities have intensified globally over the past millennia, of particular concern is the increasing incompatibility between resource supply and demand. Although acute in industrialised countries, resource inefficiency is just as salient for the South, which cannot afford to emulate wasteful growth and development models. The average energy consumption per capita in North America and Europe is, respectively, 24 and 12 times greater than that in Sub-Saharan Africa and South Asia. Rising affluence is also shifting diets towards resource-intensive meat and dairy products [1] . 90% of the energy for food in the North is from fossil fuels, yet 50% of the harvested food actually ends up in landfills [2] .
Water, food, and energy have long been the basic inputs for human settlements such as ancient city-states in Mesopotamia. However, the changing nature of urban Abstract: Thousands of years of development have made the production and consumption of water, energy, and food for urban environments more complex. While the rise of cities has fostered social and economic progress, the accompanying environmental pressures threaten to undermine these benefits. The compounding effects of climate change, habitat loss, pollution, overexploitation (in addition to financial constraints) make the individual management of these three vital resources incompatible with rapidly growing populations and resource-intensive lifestyles. Nexus thinking is a critical tool to capture opportunities for urban sustainability in both industrialised and developing cities. A nexus approach to water, energy, and food security recognises that conventional decisionmaking, strictly confined within distinct sectors, limits the sustainability of urban development. Important nexus considerations include the need to collaborate with a wide spectrum of stakeholders, and to "re-integrate" urban systems. This means recognising the opportunities coming
Introduction
Every village, region, and country is concerned about the production and consumption of water, energy, and food, for these vital sectors determine the degree of human
Sustainability in the Water-Energy Nexus
Open Access areas renders this more difficult for modern metropolitan regions. Whereas great Indian and Chinese cities, for instance, relied on the natural rhythms of the Ganges and Yangtze Rivers, hard surfaces like concrete and asphalt that support housing and transportation now alter local water cycles [3] and convey heavy metals, fertilisers, and other agricultural, household, and industrial pollutants into water bodies. Resource scarcity along with issues of pollution, habitat loss, climate change, limited fiscal support for urban development, and especially their interactions with each other are major challenges confronting (developing and industrialised) cities and their ability to manage the resources required for food and fuel. Distinct agencies, departments, and ministries have been traditionally established to meet the needs and to contain the complexity of cities. Yet, evolving local and global interdependencies increase the probability and magnitude of misfortune that management within siloes cannot effectively mitigate. Many urban populations today easily exceed that of entire countries, and with many cities, their spatial scales are rather significant. As such, the potential impact and benefits of perceptive urban policies and programs are enormous. As cities evolve, so must their governance structures to harness the advantages of metropolitan regions.
Managing heightened risks and vulnerabilities should thus deemphasise "silos" to facilitate crosscommunication [4, 5] . The nexus approach frames a cohesive understanding of the sustainability agenda, and recognises the relationships between the traditionally disparate water, energy, and food sectors. It is increasingly apparent that water is required for energy, that energy is equally essential for water, and that water and energy both determine the extent of food production. Consequently, a nexus approach realises resource efficiency by integrating decisions and actions across sectors to reduce trade-offs and build synergies [6] .
Awareness for the need and possibilities of nexusthinking are evident. With expanding high-risk informal settlements, few available public amenities, and congested roads among the main issues in Curitiba, Brazil, conventional problem solving would have entailed isolated sectoral solutions, such as slum clearance and resettlement, river canalisation, and road network improvements. In the end, integrated cross-sectoral planning resulted in naturally regenerated flood plains to create parks and alleviate floodings, and high-density mixed-use housing developments around new transport axes, among other ideas. With 90% of wastewater untreated, and food insecurity (15% and 30% in Asia and Africa) rising in developing cities, the opportunity to fertilise (peri-)urban agriculture with organic wastes makes water and sanitation infrastructure a central solution for the water-energy-food nexus -building regulations in Chennai, India increasingly require rainwater harvesting, while about 50 million biodigesters power 35% of villages in China.
Key messages and recommendations of the session
Defining resource efficiency, effectiveness and resilience goals appropriate to local realities is an important initial step for urban planners and municipal authorities. In addition to national and international development goals, grassroots groups that set the stage and mobilise action are equally necessary. Persistent community and civil society concerns in Durban, South Africa over the ecological impact of a proposed landfill prompted municipal engineers to consider a more sustainable design for the multi-purpose Mariannhill Landfill [7] . Local authorities in Dar es Salaam, Tanzania, particularly schools, have also proven to be excellent starting-points for eco-sanitation projects: including infrastructure (eg roofs for water harvesting, facilities for toilets and biodigesters, and land for farming), the enthusiasm of school children has facilitated capacity-building in the wider community.
By bridging various stakeholders to define the scope of urban development, opportunities that span sectors, jurisdictions, organisations, and disciplines can emerge. Iterative dialogues and concerted information-sharing in Chile with regional governments, river basin associations, private/utility companies, NGOs, and multilaterals demonstrate the value of concerted information-sharing to effectively develop vulnerability assessments, and to build future scenarios and analyse alternative pathways. Persistent dry periods and other climate change effects in Chile have made water and energy less stablehydropower productivity has fallen by 20%, and with a rapidly growing urban population and water demand in Santiago, complications are likely for the country's valuable agro-food industries. Santiago demonstrates that urban resilience and the sustainable management of water, energy, and food resources requires comprehensive approaches with stakeholders, as well as cooperation and strategic integration with rural areas (eg water allocations between urban dwellers and farming activities) and the surrounding biophysical dynamics (eg glaciers, precipitation, runoff, etc. that ultimately affect water and energy security). 
